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LC-MS/MS method for
simultaneous quantification of propranolol and its
two phase I metabolites in plasma of infants with
hemangioma and its application to a comparative
study of plasma concentrations

Huan He,†a Li Li,†b Libo Zhao,a Ning Sun,a Meng Zhang,a Ying Cheng,b Lu Yu,b

Lin Ma*b and Xiaoling Wang *a

Propranolol is now a preferred treatment for infantile hemangioma. However, there are no published papers

on the metabolism and concentrations of propranolol in the plasma of infants with hemangioma. In the

present study, a sensitive, simple and reliable method was developed and validated for the simultaneous

quantification of propranolol and its metabolites 4-hydroxypropranolol (M1) and N-

desisopropylpropranolol (M2) in infants' plasma for the first time by using liquid chromatography-tandem

mass spectrometry (LC-MS/MS). A volume of 100 mL plasma was prepared by one-step protein

precipitation with acetonitrile (300 mL), followed by its separation on an Hypersil GOLD C18 column

maintained at 40 �C with gradient mobile phase consisting of 0.1% formic acid aqueous solution and

acetonitrile at a flow rate of 0.3 mL min�1. The quantification was performed via multiple reaction

monitoring (MRM) by a triple quadrupole mass spectrometer under positive electrospray ionization (ESI)

mode. Bisoprolol was chosen as the internal standard. The method was validated to demonstrate its

selectivity, linearity, accuracy, precision, recovery, matrix effect and stability. The matrix-matched

calibration curves for propranolol ranging from 1 to 500 ng mL�1, for M1 ranging from 0.2 to 100 ng

mL�1 and for M2 ranging from 0.2 to 100 ng mL�1 were all linear, with correlation coefficients calculated

using weighted (1/x2) least square linear regression analysis. The lower limits of quantification (LLOQs)

were 1 ng mL�1, 0.2 ng mL�1 and 0.2 ng mL�1 for propranolol, M1 and M2, respectively. The intra-day

and inter-day precisions were less than 7.1% and relative errors were all less than 9.8%. This validated

method was successfully applied to quantify the concentrations of propranolol and its metabolites 4-

hydroxypropranolol (M1) and N-desisopropylpropranolol (M2) in the plasma of infants with hemangioma

after oral administration of different doses of propranolol for the first time.
1. Introduction

Infantile hemangioma (IH) is one of the common benign
tumors that occurs during infancy, with a prevalence rate of
around 4.5%.1 The high-risk IH cases including life-threatening
IH, function-threatening IH, severe ulceration and bleeding or
risk of disgurement require systemic therapy.1–3 Since the
discovery of the therapeutic effects of propranolol on IH in
2008, the treatment of IH has gone through a huge revolution.4
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Oral propranolol has become the preferred treatment for IH,
and should be administered as early as possible to achieve
better results.1,3,5 Several reviews and meta-analyses have
demonstrated the effectiveness of oral propranolol and
consensus conferences have made suggestions about initiation
and use of propranolol for IH.3,6,7 Studies have shown that the
mechanisms of propranolol in the treatment of IH were (a)
incorporated inhibition angiogenesis by reducing the level of
angiogenic factors and (b) induction of cell apoptosis.8–10

Propranolol, a non-selective b-blocker, is widely metabolized
in human liver into phase I and phase II metabolites. The phase
I metabolites are formed by the way of naphthalene ring
hydroxylation and N-dealkylation of the isopropylamine side
chain. The phase II metabolite is formed by side chain O-glu-
curonidation. Propranolol is metabolized mainly by the P450
enzyme CYP2D6 to 4-hydroxypropranolol (M1), which has been
reported as a major metabolite in humans.11–13 Propranolol is
This journal is © The Royal Society of Chemistry 2018

http://crossmark.crossref.org/dialog/?doi=10.1039/c8ra06252h&domain=pdf&date_stamp=2018-11-05
http://orcid.org/0000-0002-8930-1197
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra06252h
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA008065


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
N

ov
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 1

0/
27

/2
02

5 
12

:5
3:

14
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
also metabolized by P450 enzyme CYP1A2 to N-desisopropyl-
propranolol (M2).12 However, the metabolism of propranolol in
infants with hemangioma has not been studied so far.
Propranolol is used in the treatment of IH and it is inevitable to
study the exposed quantities of propranolol and its metabolites
for further research and illumination of the relationships
between dosage, safety, efficacy and exposure.

For the determination of propranolol, 4-hydroxypropranolol
and N-desisopropylpropranolol in biological uids, high-
performance liquid chromatographic (HPLC) and liquid chro-
matography coupled with mass spectrometry (MS) methods have
already been reported.13–17 However, the existing HPLC methods
were complicated and excess plasma was used. In contrast, the
LC-MS/MS method attracted our attention for the determination
of propranolol and 4-hydroxypropranolol because the minimum
detectable concentration using this method was 0.2 ng mL�1.13

However, this method was not able to simultaneously detect N-
desisopropylpropranolol, and the usage volume of plasma is 300
mL with complex sample processing. Furthermore, none of the
reported methods were applied in infants' plasma. Considering
all the subjects participating in this research are infants with
hemangioma and plasma concentrations of propranolol and its
metabolites M1 and M2 that are all present as low levels (ng
mL�1) aer oral administration, the quantitative method should
use a low volume of plasma (#100 mL) with a relatively lower
detectable concentration (#1 ng mL�1). Hence, an enhanced,
highly accurate and sensitive analytical method is needed for the
simultaneous quantication of propranolol and its metabolites
M1 and M2.

In this study, a simple, sensitive and reliable liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
method was developed and validated for the simultaneous
quantication of propranolol and its metabolites M1 and M2.
The validated LC-MS/MS method was successfully applied to
determine the concentrations of propranolol and its metabo-
lites M1 and M2 in the plasma of infants with hemangioma
aer oral administration of multiple doses of propranolol. In
addition, the comparison of plasma concentrations at different
dose was performed for the rst time.
2. Experimental
2.1. Chemicals and reagents

Reference standards of propranolol hydrochloride ($98.5%
purity), 4-hydroxypropranolol hydrochloride ($98.5% purity),
N-desisopropylpropranolol ($97.5% purity) and bisoprolol
hemifumarate salt ($98% purity, Internal standard, IS) were
all purchased from Sigma-Aldrich (St. Louis, MO, USA). HPLC
grade acetonitrile and methanol were obtained from Fisher
Scientic (Pittsburgh, USA). All other chemicals were of
analytical grade. Distilled water was purchased from Watsons
(Hong Kong, China).
2.2. Instrumentation and analytical conditions

A Shimadzu LC-20A HPLC system (Shimadzu, Japan) equipped
with two LC-20ADXR pumps, an SIL-20ACHT autosampler,
This journal is © The Royal Society of Chemistry 2018
a CTO-20A column oven and a DGU-20A3R degasser (Shimadzu,
Kyoto, Japan) was used for chromatographic separation. Mass
spectrometric detection was performed on an AB Sciex Qtrap
5500 System (Applied Biosystems-Sciex, Toronto, Canada)
equipped with a Turbo Ion Spray Source. Analyst soware
version 1.6.2 (Applied Biosystems) was used to control the LC-
MS/MS system and for data acquisition.

Samples were separated on a Hypersil GOLD C18 (150 � 2.1
mm, 5 mm; Thermo Fisher Scientic Inc., Boston, USA) main-
tained at 40 �C, with gradient elution. The mobile phase con-
sisting of 0.1% formic acid aqueous solution (A) and
acetonitrile (B) was run at a ow rate of 0.3 mL min�1. The
gradient was as follows: 0 min, 10% B; 2 min, 70% B; 6 min,
70% B; 6.1 min 10% B; 9.5 min, 10% B. The autosampler
temperature was set at 4 �C and the injection volume was 10 mL.

The mass spectrometer was operated in positive electro-
spray ionization (ESI) mode and the quantication was per-
formed via multiple reaction monitoring (MRM). The source
parameters were as follows: ion spray voltage, 5500 V; capil-
lary temperature, 500 �C; curtain gas (CUR), nebulizer gas
(GS1) and turbo gas (GS2) pressure were 35, 50 and 50 psi,
respectively; collision activation dissociation (CAD), medium.
The precursor to product ion transitions were as follows: m/z
260.0 / 116.0 for propranolol, with the declustering poten-
tial (DP), collision energy (CE) and collision cell exit potential
(CXP) set to 75, 25 and 13 V, respectively; m/z 276.1 / 173.0
for M1 with the DP, CE and CXP set to 94, 25 and 20 V,
respectively; m/z 218.0 / 74.0 for M2 with the DP, CE and
CXP set to 81, 18 and 16 V, respectively; andm/z 326.1/ 116.0
for the IS with the DP, CE and CXP set to 108, 24 and 19 V,
respectively.
2.3. Preparation of standard solutions, calibration samples
and quality control (QC) samples

Stock solutions of propranolol, M1 and M2 were prepared in
methanol at 0.1 mgmL�1. Then, the mixed stock solutions were
serially diluted in methanol to obtain the calibration standard
solutions containing propranolol (5, 10, 25, 100, 250, 500, 1000,
and 2500 ngmL�1), M1 andM2 (1, 2, 5, 20, 50, 100, 200, and 500
ng mL�1). QC solutions containing propranolol (5, 10, 500, and
2000 ng mL�1), M1 and M2 (1, 2, 100, and 400 ng mL�1) were
also prepared as described above. The IS stock solution was
prepared at a concentration of 0.1 mg mL�1 in methanol and
then diluted to 25 ngmL�1 with the same solvent as the working
solution. All solutions were stored at �40 �C.

Plasma calibration standards were prepared by adding 20 mL
standard working solutions into 100 mL blank children's plasma
to obtain the desired concentrations of propranolol (1, 2, 5, 20,
50, 100, 200, and 500 ng mL�1), M1 andM2 (0.2, 0.4, 1, 4, 10, 20,
40, and 100 ng mL�1). IS working solution (20 mL) was added to
the plasma and then, the mixture was subjected to protein
precipitation, followed by LC-MS/MS analysis (Section 2.4). The
four levels of QC samples at lower limit of quantication
(LLOQ), low QC (LQC), medium QC (MQC) and high QC (HQC)
for propranolol (1, 2, 100, and 400 ng mL�1), M1 and M2 (0.2,
0.4, 20, and 80 ng mL�1) were prepared in the same way.
RSC Adv., 2018, 8, 37286–37294 | 37287
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2.4. Sample preparation

Children plasma (100 mL) was mixed with 20 mL IS working
solution (25 ngmL�1) and 20 mLmethanol, followed by addition
of 300 mL acetonitrile. The mixtures were vortexed for 1 min and
centrifuged at 13 500 rpm at 4 �C for 10 min to remove the
precipitate. Then, 10 mL of the supernatant was injected into the
LC-MS/MS system for analysis of M1 and M2. Another 100 mL of
the supernatant was transferred to 1.5 mL tubes and diluted by
adding 600 mL acetonitrile Then, 10 mL of the resulting solution
was injected into the LC-MS/MS system for analysis of
propranolol.
2.5. Method validation

The selectivity, linearity, lower limit of quantication, precision
and accuracy, extraction recovery, matrix effect and stability of
this method were validated.

To evaluate the selectivity of the method, six different indi-
vidual children plasma were applied by comparing the chro-
matograms of blank plasma samples and blank plasma spiked
with analytes and IS at the LLOQ level.

The plasma calibration curves were constructed by plotting
the peak area ratios (analyte/IS) versus analyte concentrations of
the eight calibration standards (described in 2.3) and evaluated
in three separate times. The peak area ratios (y) and concen-
trations of each analyte (x) were analyzed by a weighted (1/x2)
least squares linear regression to calculate the calibration
equation and correlation coefficients. The accuracies of the
calculated concentrations for each calibration curves should be
within �15%, while the LLOQ level can be within 20%.

The intra- and inter-day precision and accuracy were evalu-
ated by analyzing six replicate QC samples at four concentration
levels (LLOQ, LQC, MQC and HQC) on three consecutive days.
Relative standard deviation (RSD, %) and relative error (RE, %)
were calculated to express the precision and accuracy, respec-
tively. For the LQC, MQC and HQC samples, the RSD and RE
values should be within �15%. For the LLOQ samples, the
precision (RSD) and accuracy (RE) were both required within
20%.

The recoveries of propranolol, M1, M2 and IS were deter-
mined at three QC concentrations (LQC, MQC and HQC) by
comparing the peak areas of QC samples with the peak areas of
samples at the same concentration spiked with work solutions
aer plasma protein precipitation. To investigate the matrix
effect, six different individual children plasma samples were
used to obtain the matrix. The matrix factors (MFs) of
propranolol, M1, M2 and IS were regarded as peak area ratios of
analytes and IS dissolved in matrix to analytes and IS dissolved
in water at three concentrations. The IS-normalized MFs were
calculated by dividing the MF of analytes by the MF of IS, with
an RSD value of less than 15%. The hemolytic matrix effect was
conducted by using the 2% hemolytic plasma. The operation
approach was the same as the validation of matrix effect.

The stabilities of propranolol, M1 and M2 in the infants'
plasma were assessed by the analysis of six replicate QC samples
at three concentrations in different conditions. The QC samples
exposed to room temperature (20 �C) for 6 h and stored at
37288 | RSC Adv., 2018, 8, 37286–37294
�80 �C for 31 days were chosen to investigate the stability of
analytes at room temperature (encountered during the plasma
preparation) and long-term stability, respectively. Freeze–thaw
stability was tested by performing three cycles of freezing (�80
�C) and thawing (20 �C). The stabilities of the three analytes in
the processed samples stored in an autosampler at 4 �C for 24 h
were also evaluated. In the stability test, deviations were
acceptable within �15%.
2.6. Application of the method

The validated method was applied to analyze plasma samples
obtained from infants with hemangioma aer oral propranolol
treatment. The experiment was performed in accordance with
the guidelines of Declaration of Helsinki and Good Clinical
Practice. The study was approved by the Ethics Committees of
Beijing Children's Hospital. Parents' informed consents were
obtained for human participants of this study. The infants with
hemangioma who were enrolled in this study at the department
of dermatology of Beijing Children's Hospital received a 3 day-
treatment of propranolol with the dose of 1.5 or 2 mg kg�1

d�1. On the rst day, the patients were administrated half level
of the dose, followed by the normal dose. Propranolol was taken
orally twice a day at 8:00 am and 20:00 pm. It was dissolved in
water and then given to the infants. Only one blood sample was
taken from each patient as the infants with hemangioma were
all below 1 year old. Blood samples were collected at 1 h pre-
dose or 1 h post-dose during the morning on the third day.
Hence, the amount of time that elapsed between dose admin-
istration and blood sample acquisition was 11 hours for the pre-
dose group and 1 hour for the post-dose group. Samples were
centrifuged at 3000 rpm for 10 min and plasma were separated
and stored at �80 �C until analysis.
3. Results and discussion
3.1. LC-MS/MS method development

For the optimization of mass spectrometric conditions, each of
the standard solutions of the compounds was continuously
infused into the mass spectrometer by using a syringe infusion
pump. Due to the existence of basic amino groups in the
structures, both the three analytes and IS showed strong signals
in the positive ionization mode under an ESI source. The MRM
mode was selected for quantication. The full-scan product ion
mass spectra and fragmentation pathways of the analytes and IS
are shown in Fig. 1. The most abundant ion fragment [M + H]+

was selected in the MRM transitions. Therefore, the precursor
to product ion reactions were m/z 260.0 / 116.0 for propran-
olol,m/z 276.1/ 173.0 for M1,m/z 218.0/ 74.0 for M2 andm/
z 326.1 / 116.0 for IS. Other MS parameters such as ion spray
voltage, capillary temperature, curtain gas pressure, nebulizer
gas pressure, turbo gas pressure, collision activation dissocia-
tion and collision energy were further optimized and listed in
Section 2.2.

During the optimization of chromatographic conditions,
different columns and mobile phases were tested to achieve
separated peak shapes, efficient ionization and appropriate
This journal is © The Royal Society of Chemistry 2018
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Fig. 1 The product ion spectra and structures of propranolol (A), M1 (B), M2 (C) and IS (D).
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chromatographic running time. Finally, acetonitrile and water
with 0.1% formic acid was chosen as the mobile phase for use
on a Hypersil GOLD C18 column in a gradient elution program.
Under these chromatographic conditions, the retention times
of propranolol, M1, M2 and IS were 4.22, 3.98, 4.08, and
4.16 min, respectively. The analytes and IS were separated from
endogenous interferences. The typical chromatograms are
shown in Fig. 2.

Protein precipitation of the children's plasma (100 mL) with
trifold acetonitrile was utilized as the sample preparation
method in this assay, and showed good performance in terms of
clean extracts and high recovery. The matrix effect trials
demonstrated that no signicant signal suppression or
enhancement was found. This simple and efficient sample
preparation method could meet the requirement of analysis of
thousands of plasma samples during clinical trials.

A suitable internal standard is usually needed in LC-MS/MS
analysis to eliminate the effects from matrix and the sample
preparation efficiency. In this study, bisoprolol, an available
structural analog of propranolol, was chosen as the IS. It dis-
played similar chromatographic behavior and high extraction
efficiency with the three analytes. Furthermore, no interference
of IS was found from propranolol-, M1-, M2-containing samples.
3.2. Method validation

3.2.1. Selectivity. The typical chromatograms of blank
plasma and blank plasma spiked with propranolol, M1, M2 at
the LLOQ level (1 ng mL�1 for propranolol and 0.2 ng mL�1 for
M1 and M2) and IS (5 ng mL�1) and the plasma of the infant
obtained at 1 h aer oral administration of 2 mg kg�1
This journal is © The Royal Society of Chemistry 2018
propranolol are shown in Fig. 2. There are no signicant
endogenous interference peaks at the retention times of
propranolol (4.22 min), M1 (3.98 min), M2 (4.08 min), and IS
(4.16 min), suggesting good selectivity of the developedmethod.

3.2.2. Linearity and LLOQ. The standard calibration curves
for propranolol ranging from 1 to 500 ng mL�1, for M1 ranging
from 0.2 to 100 ng mL�1 and for M2 ranging from 0.2 to 100 ng
mL�1 were linear, with correlation coefficients calculated by
using weighted (1/x2) least square linear regression analysis.
The typical linear regression equations were as follows:
propranolol, y ¼ 0.053x + 0.0112 (r ¼ 0.9992); M1, y ¼ 0.0198x +
0.000344 (r ¼ 0.9989); M2, y ¼ 0.0217x + 0.0000049 (r ¼ 0.9993).
Standard deviations of the three calibration curves for each
analyte were evaluated with REs of the calculated concentra-
tions, and all the REs were within �15%. The LLOQs of
propranolol, M1 and M2 were 1 ng mL�1, 0.2 ng mL�1 and 0.2
ngmL�1, respectively, with RE and RSD less than 20%, obtained
in three separate validation batches (Table 1). These concen-
tration ranges and LLOQs were suitable and sufficiently sensi-
tive for concentration detection in the plasma of infants with
hemangioma.

3.2.3. Precision and accuracy. The intra-day and inter-day
precision and accuracy values are shown in Table 1. For the
three QC samples (LQC, MQC and HQC), the intra-day precision
were less than 5.5%, and the inter-day precision were less than
5.2%. The mean REs ranged between �7.5% and 8.0%. These
results indicated that the developed method was accurate and
repeatable.

3.2.4. Recovery and matrix effect. As shown in Table 2, the
mean recoveries of propranolol, M1 andM2 at three levels of QC
samples were all higher than 92.45%. The recoveries of IS were
RSC Adv., 2018, 8, 37286–37294 | 37289
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Fig. 2 The representative MRM chromatograms of propranolol, M1, M2 and IS in plasma samples: (A) blank plasma sample; (B) blank plasma
spiked with LLOQ level standard solution and IS; (C) plasma sample collected at 1 h post-dose from a patient with infantile hemangioma
treatment with 2 mg kg�1 d�1 propranolol.
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99.61% for propranolol detection and 96.73% for M1 and M2
detection. These results indicated that more than 92.45% of the
analytes and IS were recovered aer sample preparation by
protein precipitation.
37290 | RSC Adv., 2018, 8, 37286–37294
Matrix-matched calibration was employed because matrix
effect was observed when using external calibration. Matrix
effect of the matrix-matched calibration was evaluated. The
results are summarized in Table 2. IS-normalized matrix
This journal is © The Royal Society of Chemistry 2018
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Table 1 The intra- and inter-day precisions and accuracies of propranolol, M1 andM2 in children's plasma (n¼ 6 for intra-day precision, n¼ 3 for
inter-day precision)a

Analyte Level
Spiked-concentration
(ng mL�1)

Intra-day Inter-day

Measured
(mean � SD)

Precision
(RSD%)

Accuracy
(RE%)

Measured
(mean � SD)

Precision
(RSD%)

Accuracy
(RE%)

Propranolol LLOQ 1 0.90 � 0.02 2.6 �9.8 0.92 � 0.07 7.1 �7.5
LQC 2 1.9 � 0.1 5.5 �3.6 1.94 � 0.09 4.5 �3.0
MQC 100 102 � 2 2.1 1.8 99 � 3 2.7 �0.9
HQC 400 370 � 20 5.3 �7.5 369 � 3 0.8 �7.7

M1 LLOQ 0.2 0.22 � 0.01 5.6 12.0 0.22 � 0.01 4.6 7.9
LQC 0.4 0.42 � 0.02 3.8 4.5 0.40 � 0.02 3.9 1.1
MQC 20 21 � 0.7 3.0 7.0 20 � 1 5.2 1.1
HQC 80 86 � 2 2.2 8.0 82 � 4 4.8 2.4

M2 LLOQ 0.2 0.22 � 0.01 6.0 7.6 0.20 � 0.01 5.3 1.5
LQC 0.4 0.41 � 0.01 2.8 2.3 0.40 � 0.02 4.3 �0.6
MQC 20 19.7 � 0.3 1.7 �1.4 19.4 � 0.5 2.7 �3.0
HQC 80 78 � 3 3.8 �2.5 78 � 1 1.6 �2.9

a LLOQ: lower limit of quantication; LQC: low quality control; MQC: medium quality control; HQC: high quality control; RE: relative error.

Table 2 Recovery and matrix effect of propranolol, M1 and M2 in children's plasma (n ¼ 6)a

Analyte Level
Spiked-concentration
(ng mL�1)

Recovery Matrix effect Hemolytic matrix effect

Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)

Propranolol LQC 2 100.66 0.7 95.57 6.3 107.72 8.7
MQC 100 105.06 1.0 89.59 3.5 — —
HQC 400 101.11 1.8 94.22 5.9 98.95 2.8

M1 LQC 0.4 92.45 2.1 85.40 7.9 103.30 6.1
MQC 20 97.41 4.3 85.27 7.8 — —
HQC 80 92.86 3.5 88.30 6.5 90.71 8.7

M2 LQC 0.4 96.81 3.9 97.15 9.5 118.33 6.1
MQC 20 99.86 3.4 92.60 4.9 — —
HQC 80 94.57 3.8 94.62 5.1 102.33 5.3

a LQC: low quality control; MQC: medium quality control; HQC: high quality control.
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factors of propranolol, M1 and M2 at three levels of QC
samples were between 85.27% and 97.15%, with the RSD
values from six lots of blank children's plasma samples being
less than 9.5%. Furthermore, the matrix effect of hemolytic
plasma was also evaluated, and the IS-normalized matrix
factors at LQC and HQC levels were between 90.71% and
118.33%, respectively, with RSD values less than 8.7%.
Therefore, matrix effect of matrix matched calibration for this
method was not observed.

3.2.5. Stability. The stability results of propranolol, M1
and M2 at different storage and processing conditions are
presented in Table 3. The three analytes were stable in the
children's plasma samples aer storing at room temperature
for 6 h, at �80 �C for at least 31 days, and aer subjecting to
three freeze–thaw cycles. In the processed samples, all of the
analytes were also stable aer storing in autosampler at 4 �C
for 24 h. The RSD and RE values were all within �15% for the
stability test. These results indicated that the method showed
good stability during routine sample analysis.
This journal is © The Royal Society of Chemistry 2018
3.3. Method application

The validated LC-MS/MS method was used to detect the plasma
concentrations of propranolol and its metabolites M1 and M2
in 207 infants with hemangioma aer oral propranolol treat-
ment. The clinical data are listed in Table 4. The distributions of
plasma concentrations of different doses and at different points
are presented in box-and-whiskers plots in Fig. 3. The plots
show that the concentrations of propranolol are signicantly
higher than those of M1 and M2. The average concentrations of
M1 were three percent to seven percent of propranolol, while
the average concentrations of M2 were 6 per thousand to 8 per
thousand of propranolol. Furthermore, there are wide interin-
dividual variations observed in Fig. 3. Based on the parameter
that the volume of blood is about 80 mL kg�1 in an infant,18 the
average percentage of the administered propranolol that is
present in the blood at different times were estimated. When
treated with propranolol at 1.5 mg kg�1 d�1, the average
percentage of propranolol in the infants' blood was 0.141% and
0.216% at the time of pre-dose and 1 h post-dose measurement,
RSC Adv., 2018, 8, 37286–37294 | 37291
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Table 3 Stability of propranolol, M1 and M2 in children's plasma at different conditions (n ¼ 6)a

Conditions Analyte Level
Spiked-concentration
(ng mL�1) Measured (mean � SD) RSD (%) RE (%)

Room temperature for 6 h Propranolol LQC 2 1.94 � 0.04 2.1 �2.9
MQC 100 90 � 2 2.7 �9.6
HQC 400 362 � 20 5.3 �9.6

M1 LQC 0.4 0.42 � 0.01 3.2 6.0
MQC 20 20.5 � 0.7 3.4 2.6
HQC 80 86 � 4 4.9 7.3

M2 LQC 0.4 0.40 � 0.01 3.7 �0.6
MQC 20 18.2 � 0.6 3.3 �9.0
HQC 80 81 � 5 6.7 1.1

Three freeze–thaw cycles Propranolol LQC 2 2.0 � 0.1 5.5 �1.1
MQC 100 94 � 3 3.2 �5.8
HQC 400 350 � 10 3.9 �12.6

M1 LQC 0.4 0.41 � 0.01 1.2 3.0
MQC 20 20.6 � 0.6 3.1 3.0
HQC 80 80 � 2 2.5 0.2

M2 LQC 0.4 0.40 � 0.01 2.8 0.3
MQC 20 19.7 � 0.5 2.3 �1.7
HQC 80 80 � 2 2.7 0.2

Autosampler for 12 h (4 �C) Propranolol LQC 2 2.05 � 0.09 4.4 2.2
MQC 100 97 � 2 1.8 �3.4
HQC 400 358 � 20 4.5 �10.6

M1 LQC 0.4 0.41 � 0.02 5.7 2.5
MQC 20 19.9 � 0.8 3.9 �0.6
HQC 80 81 � 2 1.9 1.3

M2 LQC 0.4 0.43 � 0.02 5.4 6.7
MQC 20 20.1 � 0.5 2.5 0.6
HQC 80 80 � 2 2.5 �0.4

Long-term freeze for 31 days (�80 �C) Propranolol LQC 2 1.98 � 0.08 4.2 �0.9
MQC 100 100 � 3 3.1 �0.1
HQC 400 374 � 10 2.6 �6.5

M1 LQC 0.4 0.42 � 0.02 5.0 4.2
MQC 20 19 � 1 6.6 �6.0
HQC 80 79 � 5 6.6 �1.0

M2 LQC 0.4 0.42 � 0.03 6.2 4.7
MQC 20 20.6 � 0.9 4.4 3.1
HQC 80 84 � 6 6.9 4.6

a LQC: low quality control; MQC: medium quality control; HQC: high quality control; RE: relative error.

Table 4 Clinical data of the study

Propranolol M1 M2

Pre-dose Dose (mg kg�1 d�1) 1.5 2 1.5 2 1.5 2
Weight (kg) 6.5 � 2.3 7.1 � 1.7 6.5 � 2.3 7.1 � 1.7 6.5 � 2.3 7.1 � 1.7
na 39 28 39 28 39 28
Concentration (ng mL�1) 4.76–105 3.43–116 0.208–3.28 0.218–2.96 0.20–0.249 0.212–0.395

1 h post-dose Dose (mg kg�1 d�1) 1.5 2 1.5 2 1.5 2
Weight (kg) 6.4 � 1.3 6.5 � 1.5 6.4 � 1.3 6.5 � 1.5 6.4 � 1.3 6.5 � 1.5
na 62 78 62 78 62 78
Concentration (ng mL�1) 8.22–116 5.51–298 0.223–11.9 0.325–18 0.205–0.662 0.208–1.85

a Represent the number of patients in each group.
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respectively. In the 2.0 mg kg�1 d�1 dose group, the percentage
values were 0.127% and 0.269%.

Statistical analysis was performed and the results are pre-
sented in Fig. 4. Undoubtedly, there are signicant differences
37292 | RSC Adv., 2018, 8, 37286–37294
between the concentrations of pre-dose and 1 h post-dose for
propranolol and M1, but not for M2. By comparing the
concentrations of the dose 1.5 mg kg�1 d�1 and 2.0 mg kg�1

d�1, statistical differences between the post-dose groups and no
This journal is © The Royal Society of Chemistry 2018
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Fig. 3 The concentrations of propranolol and its metabolites M1 and M2 in the plasma of infants with IH: (A) the concentrations with a dose of
1.5 mg kg�1 d�1 at pre-dose; (B) the concentrations with a dose of 2 mg kg�1 d�1 at pre-dose; (C) the concentrations with a dose of 1.5 mg kg�1

d�1 at 1 h post-dose; (D) the concentrations with a dose of 2 mg kg�1 d�1 at 1 h post-dose. Data were presented in box-and-whiskers plots.

Fig. 4 The concentrations of propranolol and its metabolites M1 and M2 in plasma samples with different doses and at different time points: (A)
the concentrations of propranolol; (B) the concentrations of M1; (C) the concentrations of M2. The bar charts are expressed as mean � standard
deviation. The number of patients in each group were represented as n. n ¼ 39 for the group of dose of 1.5 mg kg�1 d�1 at pre-dose; n ¼ 28 for
the group of 2mg kg�1 d�1 dose at pre-dose; n¼ 62 for the group of 1.5mg kg�1 d�1 dose at 1 h post-dose; n¼ 78 for the group of 2mg kg�1 d�1

dose at 1 h post-dose; *** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05.
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signicant difference between the pre-dose are observed. This
result indicates that muchmore attention should be paid on the
peak concentrations to study the relationships between the
security and therapeutic drug concentration of different doses.

Furthermore, there are high standard deviations in the
concentrations in infants with hemangioma, indicating that
large inter-individual differences exist. These variations might
be attributed to some factors that include age, weight, dosage
regimens, liver function, and renal function. Further research
such as developing a population pharmacokinetic model to
study the sources of inter-individual variances of propranolol in
infants with hemangioma is needed. This study found
This journal is © The Royal Society of Chemistry 2018
a phenomenon that the individual difference of propranolol
concentration in treating infantile hemangioma was large and
accumulated data for further research.
4. Conclusion

An improved LC-MS/MS method has been developed for the
simultaneous determination of propranolol and its metabolites
4-hydroxypropranolol and N-desisopropylpropranolol in chil-
dren's plasma. The proposed method has been fully validated
and proved to be sensitive, simple and reliable. The LLOQs were
1 ng mL�1 for propranolol and 0.2 ng mL�1 for its metabolites,
RSC Adv., 2018, 8, 37286–37294 | 37293
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which were suitable for the application of this method. The
method showed recovery more than 92.45% by the simple
protein precipitation procedure, and no matrix effects were
observed due to the matrix-matched calibration. In this study,
the method was successfully applied to quantify the concen-
trations of propranolol and its metabolites 4-hydrox-
ypropranolol and N-desisopropylpropranolol in the plasma of
infants with hemangioma aer oral propranolol treatment at
different doses for the rst time. The statistic differences in
plasma concentrations between the dose 1.5 mg kg�1 d�1 and
2.0 mg kg�1 d�1 in the 1 h post-dose group were different from
those in the pre-dose group.

This is the rst report about the quantication of propran-
olol and its metabolites in the plasma of infants with heman-
gioma, and it would lay a foundation for the study of population
pharmacokinetics of propranolol in the infants with
hemangioma.
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